~SUMMARY. In an attempt to correlate the chemical compositions and cell sizes of omphacites and related pyroxenes, the cell dimensions of fifty-five analysed pyroxenes have been determined, or taken from the literature. Twenty-two of the chemical analyses are new, nineteen of them being done by ~electron microprobe. Approximately two-thirds of the total number of analyses may be considered first class, the remainder are of doubtful or unknown quality. Cell parameters, determined by X-ray powder diffraction methods, have errors of -i:o-1% for the majority of samples, although for some samples taken from the literature errors are unknown.
OMPHACITE iS the principal pyroxene occurring in eclogitic rocks. The chemical complexity and difficulties frequently encountered in the separation of omphacites from their host rocks make analysis of this mineral by standard wet chemical techniques tedious and complex. Although the Use of the electron microprobe eliminates to some degree problems of separation, the lack of suitable standards and the inability of the microprobe to determine Fe 2 ~ and Fe a+ make analysis of omphacites far from routine. Nevertheless, the compositions of omphacites are important indicators of the mode of formation of eclogites (cf. Eskola, I92i ; Coleman et al., 1965; Smulikowski, I965) and it is desirable that some rapid method, based on an easily determined physical property, be available to determine the composition of the pyroxenes in these rocks. The most obvious choices of physical properties are optical and X-ray parameters, both requiring a minimum amount of material and separation. Previous attempts to correlate compositions of omphacites are those of Tr~3ger (195I) based on optical properties; Essene and Fyfe (1967) , based on combined optical and X-ray data; and Seki and Onuki 0967), based on X-ray data. However, although these studies indicate that the compositions of omphacites can be determined by ' lstituto di Mineralogia, Petrografia e Geochimica, Universith di Milano, Italy. physical methods, they are based either on very few samples or on samples from only one area.
In an attempt to develop a new method, based on comparison of composition with ceil parameters determined by X-ray powder diffraction methods, the cell constants of fifty-five analysed omphacites and related pyroxenes (principally containing diopside and jadeite) have been determined. Twenty-two of the analyses are new, of which nineteen have been determined on the MAC-4oo electron microprobe. The remaining analyses have been taken from the literature, as well as a few of the cell parameters. Approximately two-thirds of the data may be considered first-class, the remainder being of doubtful or unknown quality. Samples, geographical location, rock type, and donors are listed in table I, chemical analyses are presented in table II.
Chemical and X-ray methods. For the majority of samples, not supplied in a purified state, preliminary separation was done by isodynamic separator and heavy liquids with final purification by hand-picking from the 60 to ioo mesh fractions. For samples requiring chemical analysis about 2 g of purified material was required while for samples already analysed only 5o-6o mg was required. Purity of the sample was checked optically and by X-ray diffraction methods. For most samples purity was about 99 % although in a few cases amphibole peaks were detected in the X-ray patterns indicating a lower degree of purity. The recalculated analyses in table II indicate high purity for most samples analysed.
Analyses were done in duplicate by standard wet chemical (Peck, 1964) and photometric techniques (Shapiro and Brannock, 2962) . Electron microprobe analysis were done on an MAC-4oo microprobe using a spot size of 2/z at 25 kV and o-o2 ~ amps, reading the Kc~ lines, and using the off-peak background method. Due to lack of any known standards for omphacitic pyroxenes, the sample from the Roberts-Victor Mine (no. 33) and from Silberbach (no. 4) were taken as standards. The analyses of both of these samples were believed to be of high quality. For all samples analysed by the microprobe, FeO and Fe203 were determined by wet chemical methods.
Cell parameters, given in table III, were determined from powdered material using Si as an internal standard and run on a Norelco high-angle diffractometer. Patterns were indexed using the spacings of Warner (I964) and Yoder (I95O), with t2 to I5 planes being measured for each sample. Parameters were computed using a least-squares programme written by Mozzi and Newell (2962) . The magnitudes of the errors are also given in table IIl. In the few samples where parameters obtained in the present study could be compared with those obtained by other investigators, the comparison was very close, as shown in table IV.
Results. The chemical analyses of all of the pyroxenes used in this study are given in table II and the most probable origin for the host eclogite, according to Smulikowski's (i964) classification, is also listed. Eleven samples are from Group I (ultrabasic garnet-pyroxene rocks), twenty-seven from Group II (ophiolitic eclogites), fourteen from Group III (eclogites in gneiss and migmatite complexes), and two whose group is unknown.
The cell parameters listed in table III show a wide range; for the majority of samples the errors are low. For the few samples taken from the literature errors are unknown. Samples determined in the present study with large errors are caused either by interference from planes of other minerals that could not be removed during separation or by poor peak resolution; both factors result in a small number of planes being used in the final computation of the parameters.
Although numerous methods have been proposed for the recalculation of omphacites into their many possible 'end-member' molecules, for reasons discussed below, only the method of Tr6ger (I962) is suitable for the present study. ~ This method as modified is outlined in the Appendix and the results of the recalculations are shown in table V.
Discussion of results. The principal end-members of omphacites are diopside, jadeite, acmite, hedenbergite, orthopyroxenes, wollastonite, and various Tschermak's molecules. Although many investigators have devised methods to plot the complex composition of this pyroxene (cf. Eskola, 192I; Tr6ger, I962; Kushiro, 1962; Yoder and Tilley, 1962; White, 1964; Coleman et al., 1965; Huckenholz, 1965; Smulikowski, I965; Vogel, I966; Church, I968a) , the majority of these methods are unsuitable, for one reason or another, when used to compare the chemistry and cell parameters of omphacites. Without exception these methods have been used to distinguish the different chemistry of various pyroxenes and not to correlate their compositions with any physical property.
In order to make a useful correlation between cell parameters and chemistry of any complex solid-solution series the following conditions must be fulfilled:
The composition of the mineral must be representable in terms of not more thart three end-member molecules in order that it can be plotted on a two-dimensional (i.e. planar) surface.
The end-member molecules must be stoichiometric (i.e. CaMgSi206 not Ca(Mg,Fe)Si206) and have good cell constants, preferably from synthetic material.
The cell constants of the end-members chosen should be sufficiently different to provide the greatest possible accuracy. All of the end members shouid beiong to the same crystal system.
On the assumption of complete, or even partial, solid solution between each of the end-member molecules, the different parameters should fall in different 'directions' when plotted on a triangular or other geometric figure. For example if there are three end-members, all monoclinic, when plotted on a triangular diagram the four parameters (a, b, c, t3) should lie in different directions. This is illustrated with reference to fig. I (p. 69). Assume three end-member molecules A, B, and C, with complete solid solution between A-B, B-C, and A-C and possible solid solution between A, B, and C, then, according to Vegard's Law, there should be a linear gradation between any of the cell constants of one end-member with the addition of a second end-member. Thus, if lines are drawn on the diagram representing constant expected paranaeters (these may be termed 'isoparameter lines') the ideal situation for comparison of composition with chemistry is shown in figs. ia-c where these lines are in different directions. In fig. Id the three parameters have been superimposed, producing a grid of isoparameters. Obviously the more parameters obtained, the greater will be the refinement of the grid. Thus by determining the parameters and plotting them on such a grid it is possible I A modification of the method of White (I964) to recalculate omphacites in terms of Ca-Tschermak-diopside-jadeite end-members fulfills the stipulated conditions as discussed below but gave very poor results possibly indicating that the Ca-Tschermak molecule is not as important as the acmite or hedenbergite. 3"8 8'2 9"0 9'4 9"6 7" 14 9"4 I I "9 12"0 8"1 Fe208 0"4 0'4 0-6 2"5 1.6 3"1 2"4 2"5 4"6 3'3 3"1 FeO 2.6 2.6 0"7 4"6 3"8 3"2 3"6 2"4 2. compositions would not be expected to plot in areas in which there was no solid solution (provided, of course, the mineral had been as cleanly separated as possible).
TAB LE I V. Comparison between cell parameters determined and taken from the literature

T A B L E V. Recalculated end members ofpyroxenes
These conditions may now be considered in the case of omphacites. Most of the samples used in this study have compositions that, when recalculated by almost any method, contain over 8o % of the diopside, jadeite, acmite, and hedenbergite molecules. Using the method of Tr6ger (I96Z), compositions can be recalculated as diopside-jadeite-acmite or as diopside-jadeite-hedenbergite. Most of their constituents can thus be graphically represented on a triangular diagram, fulfilling the first condition. TrSger's (I962) method as modified also recalculates these molecules in their stoichiometric forms, for which there are good cell parameter data available from synthetic material: diopside, Clark et al., 1962; jadeite, Frondel and Klein, 1965;  acmite, Gilbert, I966; and hedenbergite, Dr. J. Nolan, personal communication. From table VI it is clear that there is a large variation particularly in the a and b parameters in all of these minerals. Therefore, the second and third stipulated conditions are also fulfilled. Examination of the parameters given in table VI show that the fourth condition is not fulfilled. Diopside and jadeite are the most important constituents of omphacites, acmite and hedenbergite being of only minor importance. Consideration of the a and b parameters of diopside, acmite, and jadeite show that they both decrease in that order. Thus when plotted on a triangular diagram the isoparameters all have approximately the same direction. The c parameter does not have this tendency but the differences between this parameter (5"294/~ for acmite to 5"21I/~ for jadeite) are not sufficiently great. Similar problems are encountered with the diopside, jadeite, hedenbergite trio.
The criterion of complete or partial solid solution between the end-member molecules diopside, jadeite, acmite, and hedenbergite is probably fulfilled. Yagi (I958) has shown that there is complete solid solution in the diopside-acmite system at atmospheric pressure; diopside-jadeite shows partial solid solution at 3o kb with a miscibility gap between Di2s and Dig0 (Bell and Davis, i965); jadeite-acmite shows complete solid solution at 4 ~ kb in the range Jdl00 to Jd~0 (mol %) (Gilbert, I967). The range of solid solution of hedenbergite with the addition of jadeite and diopside is unknown, as is the range of ternary solid solutions in the diopside-jadeite-acmite and diopside-jadeite-hedenbergite systems.
Before considering the correlation of the chemistry and cell parameters of the pyroxenes of this study using Tr6ger's (1962) modification a brief explanation should be made concerning the inapplicability of the other methods. The methods of Eskola (1921) and Yoder and Tilley (1962) recalculate analysis in terms of more than three end-member molecules and in most cases these recalculations do not produce stoichiometric end-members. The latter reason also makes Church's (I9681) method inapplicable. In both Church's (I968a) and Smulikowski's (I965) method only 4o to 6o % of the determined cations are used in the recalculation. Kushiro's (I962) and Vogel's (I966) methods give errors for K and Ti since these cations when recalculated do not correspond to possible end-member molecules but probably to analytical errors. In Huckenholz's (I965) method, jadeite, hedenbergite, and acmite are added to diopside and when analyses are plotted they fall in a very narrow range of the diagram.
As mentioned previously, omphacites normally contain less then Io wt % of acmite or hedenbergite when recalculated into either diopside-jadeite-acmite or diopside-jadeite-hedenbergite sets of end-members. Thus their parameters are mainly influenced by those of the diopside and jadeite molecules. On figs. 2 a and b the observed b parameters of all pyroxenes have been compared with the theoretical parameters when recalculated by TrSger's method into the diopside-jadeite-acmite and diopside-jadeite-hedenbergite end-members. Agreement between the observed and theoretical parameters is good. Similar agreement is found between the a, a sin ~, and volume but there is very poor agreement between the c theoretical and observed parameters. However, because of the similarities in the orientation of the isoparameter lines these diagrams are of little use in determining compositions of the pyroxenes.
In an attempt to correlate more closely the cell parameters and compositions of these pyroxenes, each composition has been projected from the acmite and hedenbergite apices on to the diopside-jadeite join by producing a line from the apex through the plotted composition (figs. z a and b) to cut the join. This method of projection is believed to be better than merely producing a perpendicular line from the pyroxene composition to the diopside-jadeite join as this gives no indication of the proportion of either acmite or hedenbergite in the bulk composition. Results of this projection are shown in figs. 3 a and b in which the observed b parameter is plotted against the 'projected' composition. With very few exceptions, there is, to a first approximation, a linear relationship between the b parameter and composition, with in most cases the deviation being small from the expected parameter, drawn between the b parameter of pure diopside and pure jadeite (straight line on figs. 3 a and b). Contrary to the suggestion of Seki and Onuki (I967) there is no evidence of significant curvature in these plots. Nor is there any evidence that the miscibility gap in the diopside-jadeite series does not exist in natural pyroxenes.
In cases where the deviation is large (samples 42, 54, 55) the discrepancies can be accounted for by the samples containing large amounts of acmite, hedenbergite, or Tschermak's molecules, by lack of confidence in the chemical analysis, or more rarely by lack of confidence in the cell parameters.
By measuring the b parameter and comparing it with the theoretical b parameter for diopside-jadeite solid solutions it is possible to determine to within zk5 mol O//o the diopside-jadeite ratio of most of the pyroxenes, which, as discussed below, is important to an understanding of the genesis of eclogitic pyroxenes. Although the errors in fig. 2b) . Length of bar indicates error, the recalculation procedure of this method are small, since over 80 % of the constituents of the samples are used in the recalculation method, large errors are to be expected if the samples contain a high proportion of molecules other than diopside and jadeite. Fortunately, this is rare with omphacitic pyroxenes. Examination of the compositions plotted on the diopside-jadeite-acmite triangle ( fig. 2a ) and the corresponding projected compositions ( fig. 3a) suggests that highly acmitic pyroxenes have b parameters that plot above the theoretical diopside-jadeite line. If sufficient samples had been available it might have been possible to draw further lines in fig. 3a showing the expected parameters for samples with known amounts of acmite. In theory, since the acmite b parameter has an intermediate value to that of diopside and jadeite (table V) No such relationship is observed with the samples recalculated into diopside-jadeitehedenbergite molecules.
Because of the method of recalculation of the analysis into either the diopsidejadeite-acmite or diopside-jadeite-hedenbergite molecules, slightly different ratios of diopside to jadeite are obtained depending on which determinative curve of the projected parameters is used. Fig. 3b, showing projection from the hedenbergite apex shows the 'best fit' and therefore probably gives the most accurate diopsidejadeite ratio.
On figs. 3 a and b the samples have been arranged depending on the type of eclogite they occur in. Inspection of these figures shows that the b parameters of the omphacites fall into fairly distinct groups. Thus measurement of the b parameter of the omphacite proves a rough indicator of the type of eclogite in which it occurs.
